Introduction {#sec1-1}
============

Intestinal ultrasound (IUS) plays an important role in the recognition, diagnosis, and monitoring of many gastroenterological diseases and is becoming increasingly important in the management of inflammatory bowel disease (IBD). Ultrasonography is noninvasive, inexpensive, widely available, and does not require the use of ionizing radiation; as a result, it is particularly well accepted and tolerated by patients. Ultrasonography of IBD patients requires convex array probes of 3-5 MHz and higher frequency linear array probes from 5-15 MHz that allow adequate assessment of the five-layer wall pattern of the gastrointestinal tract \[[@ref1]\]. Most parts of the large bowel, as well as major parts of the small bowel, can be easily visualized by IUS. The rectum and the proximal jejunum may sometimes be difficult to assess because of overlying structures. The advantages of ultrasonography include the rapid evaluation of bowel wall thickness, as well as stratification that reflects alterations in histopathology in Crohn's disease (CD) and ulcerative colitis (UC). Visualization of the vascularization of the bowel using color Doppler sonography is the second advantage of IUS. The third major advantage, in comparison to other cross-sectional imaging modalities, includes the direct visualization of motility.

While in the past IUS has only been practiced by a few radiologists and by some specialists in ultrasound, it is now performed by gastroenterologists and by IBD specialists themselves in more and more countries. Educational programs on the use of IUS help promote this fascinating method. This review summarizes the different features of IUS and indications for its use in patients with CD and UC.

Features of IUS in IBD {#sec1-2}
======================

A variety of parameters have been defined that characterize intestinal inflammation in IBD. The most prominent parameter during IUS for the detection of inflammatory activity within the intestine is bowel wall thickness, which mostly correlates well with clinical activity markers such as the Harvey Bradshaw index (HBI) and the CD activity index (CDAI) \[[@ref2],[@ref3]\]. Common cutoff values are 2 mm of wall thickness for the small intestine and 3-4 mm for the large intestine. It has to be taken into account, however, that the bowel wall is usually slightly more prominent in the left colon than in the right colon. The sensitivity of bowel wall thickness as a parameter of inflammation could be increased if a lower cutoff value of 3 mm were to be used. Once the cutoff value is increased up to 4 mm, sensitivity decreases from 88% to 75%, whereas specificity increases from 93% to 97% \[[@ref4]\]. Even though bowel wall thickness is the most common parameter for detecting intestinal inflammation, there is still a lack of standardization of measurement. Up to now, there is no international agreement as to where to perform the measurement and whether a transverse or a longitudinal section is required. It is therefore not surprising that the interobserver variability might differ between different examiners, depending on whether or not standardized parameters have been defined. Recent investigations have shown that interobserver variability may vary between high interobserver agreement (κ=0.72-1) if measurement is standardized, and moderate agreement if no standards have been defined beforehand (κ=0.54) \[[@ref5],[@ref6]\]. Other parameters of the bowel wall include the description of the overall echotexture and the different layers. An abrogation of the typical bowel wall stratification is usually an indicator of active inflammation. While the echotexture of the thickened bowel wall in patients with UC is mostly proportioned ([Fig. 1](#F1){ref-type="fig"}), disproportioning of the thickened bowel wall is usually visible in CD. Even though abrogation of bowel stratification is a very common parameter in IUS, the interobserver agreement is very low in different studies because of the lack of standardization in findings \[[@ref5],[@ref6]\]. The rigidity of the bowel wall can also be determined using B-mode ultrasonography. New techniques such as elastography might improve the evaluation of wall rigidity in IUS \[[@ref7]\]. Strictures are usually defined by segmental thickening of the bowel wall. Defining a stenosis also requires the occurrence of prestenotic dilatation.

![(A) Cross-sectional image of the sigma above the iliac artery (asterisk) in ulcerative colitis (9 MHz probe) Hyperechoic thickening of the submucosa (arrow). (B) Corresponding endoscopic view of the same patient during the same week](AnnGastroenterol-30-135-g001){#F1}

As intestinal inflammation in IBD is usually not restricted to the bowel wall, it is always useful to evaluate and to describe the surrounding structures, which have very characteristic features in IBD patients. Extramural changes within the mesenteric fat might give more information on the inflammatory status of a thickened bowel segment than do alterations of the bowel wall itself. The most prominent parameter in CD is the occurrence of fibrofatty proliferation, which is always a sign of active inflammation. It occurs rapidly during an acute flare of disease and disappears, at least in part, early after resolution of the intestinal inflammation. Fibrofatty proliferation appears as a white, hyperechoic zone surrounding the inflamed bowel ([Fig. 2](#F2){ref-type="fig"}). Hypoechoic zones within the proliferated mesenteric fat are called mesenteric streaks and are indicators of severe inflammation in CD. Even though changes within the mesenteric fat can be detected easily, there are no standardized features to differentiate the severity of disease activity. This might be the reason why interobserver variability for this parameter is high when different studies are compared \[[@ref5],[@ref6]\]. Transmural inflammation can also result in the occurrence of ascites. Mesenteric lymph nodes are another non-specific sign of intestinal inflammation that may be seen during active as well as chronic intestinal inflammation, particularly in CD. Mesenteric lymphadenopathy usually remains visible even in quiescent disease and is therefore not a good parameter of activity for CD.

![(A) Cross-sectional image of acute Crohn's colitis in the sigmoid colon (9 MHz probe) Blurred stratification of the thickened bowel wall (arrow) and marked fibro-fatty proliferation (asterisk). (B) Corresponding endoscopic view of the same patient during the same week](AnnGastroenterol-30-135-g002){#F2}

Another characteristic feature of intestinal inflammation and the thickened bowel wall is the increased vascularization, which may be visualized using color Doppler. Increased vascularization is always a sign of active inflammation that correlates with endoscopy, histology, and with the CDAI \[[@ref6],[@ref8],[@ref9]\]. Quantification of vascularization has turned out to be difficult, as vascularization is always dependent on a variety of parameters, including feeding status. A semi-quantitative characterization of vascularization may be made using the simple Limberg score, which divides visible vascularization during color Doppler into four different categories \[[@ref10]\] ([Fig. 3](#F3){ref-type="fig"}).

![Longitudinal view of the terminal ileum in ileal Crohn's disease with Power Doppler (10 MHz probe) "Comb sign": parallel mesenteric vessels as a sign of severe inflammation (Limberg Score 4) (arrows)](AnnGastroenterol-30-135-g003){#F3}

Additional tools in bowel ultrasonography {#sec1-3}
=========================================

Contrast-enhanced ultrasonography (CEUS) {#sec2-1}
----------------------------------------

Another way to characterize vascularization in the bowel is by using CEUS, which allows a quantification of vascularization that directly correlates with inflammatory markers, such as C-reactive protein (CRP), or with the CDAI in CD patients \[[@ref11]-[@ref14]\]. CEUS has been shown to be a useful addition and a helpful tool for specific indications in IBD patients. In particular, CEUS has been shown to more precisely determine disease activity in CD patients \[[@ref15]-[@ref19]\]. The guidelines of the European Federation of Societies for Ultrasound in Medicine and Biology have recently specified particular indications for the use of CEUS in IBD patients, including the following: 1) estimation of disease activity in IBD; 2) distinguishing between fibrosis and inflammatory strictures in CD; 3) characterization of suspected abscesses; and 4) confirming and following the route of a fistula \[[@ref20]\].

CEUS has been shown to be capable of determining bowel wall vascularity in patients with CD and the findings correlate well with those of magnetic resonance imaging (MRI) \[[@ref17],[@ref21],[@ref22]\]. The time-intensity curve analysis, involving the determination of peak intensity, area under the curve and time to peak intensity using specific software, may help quantify disease activity. Quantitative measurement of bowel wall vascularization, determined by CEUS, correlates well with endoscopic severity \[[@ref23]\] and may predict disease activity in IBD \[[@ref18]\]. During biological therapy, changes in bowel wall enhancement may be a useful modality for monitoring disease activity in CD \[[@ref23]\]. The most useful indication for CEUS in the daily management of CD patients is probably the differentiation of abscesses from inflammatory infiltrates. CEUS allows a rapid and precise differentiation of abscesses from phlegmons \[[@ref24]\]. An additional advantage of CEUS is that any abscesses detected can immediately be targeted for diagnostic, or even therapeutic puncture or drainage within the same examination.

Injection of contrast medium into the orifice of a fistula may improve the visualization of the route of the fistula tract in CD \[[@ref25]\]. An easier method for visualizing the fistula tract is the injection of carbonated water into the orifice of the fistula. A limitation of CEUS in IUS is that intestinal motility might impair image quality and that only specific bowel segments can be evaluated during CEUS. CEUS is still not broadly used during IUS in IBD patients and the current use of CEUS is limited to specific clinical situations.

Elastography {#sec2-2}
------------

Ultrasound elasticity imaging is based on strain and the deformation and elastic moduli that have been clinically developed and approved for the evaluation of different tissues. Different methods have been devised to determine elasticity using ultrasound. In one, shear waves are generated by an ultrasound transducer that produces an acoustic radiation force impulse (ARFI). ARFI elastography has been used to assess a variety of human tissues and has been shown to discriminate low-grade fibrosis from high-grade fibrosis in *ex vivo* human intestinal specimens, based on their biochemical elastic properties \[[@ref26]\]. Another method performs real-time elastography of the intestine using fast reconstruction of tissue elastic moduli \[[@ref7]\].

Differentiation between fibrotic and inflammatory stenosis is a difficult issue in patients with fibrostenotic CD. Today, there is no gold standard method to differentiate between inflammatory and fibrostenotic strictures. In a recent study, ultrasound elastography-derived shear wave velocity (SWV) was helpful in distinguishing acute inflamed from fibrotic bowel in a 2,4,5-trinitrobenzenesulfonic acid-induced rat model \[[@ref27]\]. In this trial, the mean bowel wall SWV was significantly higher for fibrotic than for acute inflammatory changes in the gut. The area under the receiver operating characteristic (ROC) curve of the SWV ratio for differentiating histopathologically confirmed fibrotic from inflamed bowel was 0.971.

In a recent study, ultrasound-based real-time elastography (RTE) was compared pre-, intra- and postoperatively with surgical resections, histologically and by measurement of the collagen content. It was shown that RTE can be used to reliably distinguish fibrotic from non-fibrotic tissue (P\<0.001) \[[@ref7]\]. There was a good correlation between pre-, intra- and postoperative RTE strain measurements of unaffected and affected bowel segments in this trial.

Further studies with this interesting method have to be conducted to confirm these results before it can be used for clinically based decision-making in patients with stenotic CD. Whether it will ever be clearly possible to discriminate inflammatory from fibrostenotic stenosis in CD in the future remains questionable, as stenosis in CD always involves a combination of inflammatory and fibrotic tissue activity \[[@ref28]\].

When to use IUS in IBD patients {#sec1-4}
===============================

Primary diagnosis of CD {#sec2-3}
-----------------------

IUS has been demonstrated to have high sensitivity and specificity in the diagnosis of CD and in the detection of its complications, including stenoses, as well as of fistulas or abscess formations \[[@ref29]-[@ref37]\]. The most prominent and most important parameter that indicates inflammatory activity in CD is an increase in bowel wall thickness \[[@ref38]\]. High sensitivity in determining an increase in bowel wall thickness in various parts of the intestine has been shown in several studies, using endoscopy as comparator, and varies between 75-93%, with specificities of 75-100% \[[@ref39],[@ref40]\]. A recent study in 249 patients with suspected CD, using ileocolonoscopy and MRI as comparators, was able to demonstrate a high diagnostic value for IUS in the detection of small bowel CD, with a sensitivity of 94%, a specificity of 97%, a positive predictive value of 97%, and a negative predictive value of 94% \[[@ref41]\]. The overall sensitivity of IUS in the diagnosis of CD has been analyzed in a meta-analysis and assessed using a summary ROC curve; the area under the curve was 0.94, indicating good diagnostic accuracy \[[@ref32]\]. In the most recent meta-analysis, IUS showed 79.7% sensitivity and 96.7% specificity in the diagnosis of suspected CD, and 89% sensitivity and 94.3% specificity in the initial assessment of patients with established CD. In this study, IUS identified ileal CD with 92.7% sensitivity and 88.2% specificity, and colonic CD with 81.8% sensitivity and 95.3% specificity, having a lower accuracy in the detection of proximal lesions \[[@ref37]\]. These studies indicate that IUS is a valuable method for detecting CD in the primary evaluation of patients with intestinal symptoms suggestive of CD. It has also been shown that its high negative predictive value can exclude CD in patients with non-specific gastrointestinal symptoms and normal biomarkers, such as CRP and calprotectin. A recent study provided evidence that ultrasonography in combination with ileocolonoscopy is the most accurate and most cost-effective diagnostic procedure, in comparison with MRI, for the evaluation of patients with suspected CD \[[@ref42]\].

Currently, the gold standard for IBD diagnosis is not clearly defined. Previous studies compared IUS to other single comparators, such as endoscopy or MRI. However, we have to keep in mind that these comparators can only serve as surrogate markers. The diagnosis of IBD is confirmed by clinical evaluation and by a combination of other investigative modalities, including history, biomarkers, endoscopy, and cross-sectional imaging such as IUS. As a current methodology with a high negative predictive value, IUS is accepted as a first-line tool in the primary diagnosis workup of adults and children with suspected small bowel inflammation \[[@ref30],[@ref43]-[@ref46]\]. If the appropriate expertise is available, IUS could also be used as a primary diagnostic modality in adult CD patients and MRI could be reserved for patients with unclear findings or symptoms.

The sensitivity of ultrasonography during primary diagnosis can even be increased by using CEUS, as was demonstrated in recent studies showing that detection of increased bowel wall thickness in CD patients had \~ 90% sensitivity and 100% and 94% specificity, respectively \[[@ref19]\]. The value of CEUS during IUS is further outlined below.

Detection of CD extent and localization {#sec2-4}
---------------------------------------

Several studies have investigated the value of IUS in determining the location of CD within the small and large bowel, as well as the extent of the disease. Data from 8 trials using endoscopy as reference standard showed a sensitivity for IUS in the range 74-96% with a specificity of 67-98%. The pooled sensitivity from these data was 86% (95% CI 83-88%) with a pooled specificity of 94% (95% CI 93-95%), demonstrating the high value of IUS for determining the extent of CD \[[@ref47]\].

Weaknesses of IUS include the detection of CD in different parts of the intestine, including the proximal jejunum and the rectum \[[@ref48]\]. Detection of small bowel lesions in CD might be improved by small intestinal CEUS (SICUS). A recent study demonstrated that, particularly within the jejunum, the detection rate of IUS could be markedly improved from 80% to 100% by using SICUS with 500-700 mL polyethylene glycol solution \[[@ref49]\]. These findings have been confirmed by others \[[@ref50]\].

Assessment of complications in CD {#sec2-5}
---------------------------------

Extramural complications in CD, such as abscesses and fistulas, can easily be detected during IUS. Abscesses usually appear as an irregular, aperistaltic, hypoechoic zone without vascularization and only a few internal echoes ([Fig. 4](#F4){ref-type="fig"}). Abscesses sometimes contain air that appears as hyperechoic streaks. Fistulas are hypoechoic tracts between bowel loops, or at least with the origin in the bowel, and are sometimes connected to other tissue or organs such as the skin, the cystic bladder, or the vagina. They may contain air as a small hyperechoic zone ([Fig. 5](#F5){ref-type="fig"}). The sensitivity to detect abscesses in CD has been determined in a recent meta-analysis summarizing data from three studies that used surgery as comparator \[[@ref47]\]. The sensitivity varied between 80-100% and the specificity between 92-94% \[[@ref33],[@ref35],[@ref51]\]. The pooled sensitivity was 84% (95% CI 79-88%) and the pooled specificity was 93% (95% CI 89-95%) \[[@ref47]\].

![Perianal positioning of a 10 MHz probe. Perianal abscess with hyperechoic streaks (arrow) in Crohn's disease](AnnGastroenterol-30-135-g004){#F4}

![Fistula (arrow) in ileal Crohn's disease (9 MHz probe)](AnnGastroenterol-30-135-g005){#F5}

The detection rate of fistulas depends on their localization, with a sensitivity between 67% and 82% and a specificity between 90% and 100%, depending on different trials \[[@ref33]-[@ref36],[@ref51]\]. A recent meta-analysis that summarized the results of four different ultrasound trials for diagnosing fistulas revealed a pooled sensitivity of 74% (95% CI 67-79%) and a specificity of 95% (95% CI 91-97%) \[[@ref47]\]. As outlined below, the identification and characterization of suspected abscesses appears to be a good indication for the use of CEUS \[[@ref20]\]. A recent retrospective analysis in 50 patients determined a specificity for the detection of abscesses of 100%, with a correlation coefficient of 0.974 between CEUS and other techniques \[[@ref24]\].

IUS has also been shown to have a high sensitivity and specificity in the diagnosis of stenosis affecting the large and the small bowel \[[@ref30]\]. The sensitivity in three studies that used surgery as reference varied between 75-100%, with a specificity between 89-91%, a pooled sensitivity of 79% (95% CI 71-84%) and a pooled specificity of 92% (95% CI 87-96%) \[[@ref33]-[@ref36],[@ref52]\]. The sensitivity for detecting stenoses in CD may be increased from 74% to 89% by using SICUS \[[@ref53]\]. However, performing SICUS is not a standard method during the examination of the small bowel and is usually only required for a few indications.

The differentiation between predominately inflammatory versus fibrotic strictures is a frequent clinical challenge in patients with CD. It has recently been suggested that CEUS might be able to differentiate between these two categories \[[@ref30]\]. Recent data also suggest that CEUS may help distinguish between inflammatory stenosis and more fibrotic stenosis, where contrast enhancement is lower than in the more inflammatory structures \[[@ref54]\]. However, existing data are controversial, and other investigators did not report any additional benefit during the quantitative assessment of stenotic bowel wall segments using CEUS \[[@ref55]\]. As stenosis is always a mixture of inflammatory and fibrotic components, it remains questionable whether useful differentiation can be achieved with any of the current diagnostic modalities \[[@ref28],[@ref56]\]. [Table 1](#T1){ref-type="table"} summarizes data on the detection of mural and extramural complications in CD with IUS.

###### 

Intestinal ultrasound and detection of mural and extramural complications in Crohn's disease

![](AnnGastroenterol-30-135-g006)

The excellent data from various studies appear to justify the view that, in centers with appropriate expertise, IUS might be used as a primary diagnostic imaging modality in CD patients to detect or to exclude mural and extramural complications. MRI or CT might be restricted to unclear clinical situations.

Monitoring disease activity in CD {#sec2-6}
---------------------------------

Recent trials have proven that IUS has a role in monitoring the disease scores of CD \[[@ref32]\]. It has been shown that IUS has the ability to monitor the response to biological treatment \[[@ref57]\]. IUS may also predict an outcome independently of other disease activity markers in UC \[[@ref58],[@ref59]\]. However, it has to be noted that there is no gold standard for IBD activity, and that any types of diagnostic modality, including endoscopy, MRI, laboratory parameters or IUS, could only be used as surrogate markers in this situation. There are only a few relatively small studies that have evaluated the usefulness of IUS in monitoring therapeutic responses in CD. A study with 21 patients used ultrasonography to assess bowel wall thickness and vascularization after treatment with anti-tumor necrosis factor (TNF) \[[@ref60]\]. In this trial, anti-TNF therapy was associated with a significant reduction in bowel wall thickness, as well as in vascularization determined by Doppler flow. Ultrasound parameters showed improvement in 50% of the patients in this trial. Another small study used SICUS to show that, during anti-inflammatory treatment, changes on IUS correlated significantly with the CDAI \[[@ref57]\]. A more recent prospective trial evaluated ultrasonographic features in patients with CD after treatment with biologicals, using ileocolonoscopy as reference standard \[[@ref61]\]. In this trial, normalization of the IUS parameters could be observed in 62.8% of the patients, with a significant correlation compared to ileocolonoscopy (κ=0.76, P\<0.001).

Some authors suggest that CEUS might be useful for evaluating treatment outcomes shortly after initiating treatment with biologicals \[[@ref14]\]. A large multicenter trial, including 243 patients from 50 centers in Germany, has recently been conducted to determine the role of IUS in monitoring treatment response \[[@ref62]\]. In this trial, CD patients with an acute flare of disease received anti-inflammatory treatment; most of them had been treated with anti-TNF therapy with a significant drop in HBI after three months. Almost all sonographic parameters determined during IUS, including bowel wall thickness, vascularization parameters, fibro-fatty proliferation and other parameters, showed a highly significant decrease (P\<0.001 in all groups) at different sites. Improvement in ultrasound parameters correlated with laboratory parameters such as CRP \[[@ref62]\]. These data could prove that ultrasonography is indeed a very useful method for use in the follow up of patients with CD and the determination of early therapeutic responses ([Fig. 6](#F6){ref-type="fig"}).

![Changes in ultrasound findings after anti-inflammatory treatment (9 MHz probe) Joining pretherapeutic image (A) into actual finding (B) at the same site after 2 weeks of treatment with anti-tumor necrosis factor in acute Crohn's disease: reduction of bowel wall thickness and mucosal swelling (arrows)](AnnGastroenterol-30-135-g007){#F6}

Based on current studies, IUS seems to be a valuable method for evaluating transmural healing in CD \[[@ref63]\]. A recent investigation evaluated quantitative parameters to determine the degree of bowel damage during chronic intestinal inflammation and transmural healing in CD \[[@ref64]\]. However, it has to be noted that the profound alterations of transmural inflammation during chronic CD rarely completely normalize, even after treatment with immunosuppressive or biological agents \[[@ref62]\]. In a recent study involving 66 patients, transmural healing as determined by IUS could only be detected in 25% of patients receiving biologicals, while mucosal healing was detected in 38%. Nevertheless, the correlation was statistically significant \[[@ref65]\]. Based on the recent studies, IUS is increasingly becoming the method of choice in the follow up of CD patients to monitor transmural healing in response to treatment.

Evaluation of postoperative disease recurrence {#sec2-7}
----------------------------------------------

For decades, endoscopy has been the gold standard in the determination of postoperative recurrence of CD. The Rutgeerts score has been proved to be a valid endoscopic score of activity for postoperative recurrence \[[@ref66]\]. More recently, ultrasonography has also proved capable of detecting postoperative recurrence. A good correlation with the Rutgeerts score could be determined using SICUS, with a positive predictive value of 87% for the detection of postoperative disease recurrence and a good correlation with the Rutgeerts score (r=0.67, P=0.0001) \[[@ref2]\]. A more recent study showed that the sensitivity in detecting postoperative recurrence using conventional IUS was 89.7%, which could be increased up to 98% by using CEUS \[[@ref60]\]. Detailed information on the anastomosis that has been performed is mandatory for interpreting the sonographic findings in a useful manner.

In the recent POCER trial, for excluding relevant intestinal inflammation postoperatively, calprotectin has also been shown to correlate well with endoscopic disease activity in a postoperative setting, having a high negative predictive value of up to 91% \[[@ref67]\]. In the future, a combination of IUS plus calprotectin might be a valuable parameter for determining postoperative recurrence in CD patients. This has to be further evaluated in prospective trials.

Prognostic value of IUS in CD {#sec1-5}
=============================

Various authors have tried to identify the prognostic value of ultrasonography for the recurrence of CD and to develop prognostic markers and features of IUS in IBD. It has been demonstrated that IUS has the capacity to determine the risk of recurrence in a highly specific and sensitive manner \[[@ref3],[@ref68]-[@ref71]\]. The prognostic value can even be enhanced by performing SICUS with the use of oral contrast, which allows better distension of the small and large bowel and might improve the prognostic value of ultrasonography \[[@ref72]-[@ref74]\].

Most recently, the use of CEUS has been shown to be a valuable method for predicting the treatment outcome in patients with CD, by measuring bowel perfusion with dynamic CEUS \[[@ref14]\].

Rectal involvement in CD {#sec1-6}
========================

Perianal ultrasonography and transrectal ultrasonography (TRUS) {#sec2-8}
---------------------------------------------------------------

Perianal fistulizing disease occurs frequently in patients with CD, with a prevalence ranging from 10% at the time of diagnosis up to 20% after 20 years of the disease course \[[@ref75],[@ref76]\]. The diagnosis of perianal disease and its classification are often made using a combination of clinical and imaging findings. Apart from examination under anesthesia as a previously described gold standard, MRI and TRUS are currently used as methods for the detection and classification of perianal CD. Recent studies have shown that the accuracy of TRUS is comparable with that of MRI in perianal fistulizing disease (87% for MRI and 91% for TRUS) \[[@ref77]\]. These data were confirmed in a meta-analysis that found no relevant difference between the sensitivities of MRI and TRUS (87%, 95% CI 0.63-0.96 vs. 87%, 95% CI 0.70-0.95), whereas the specificity for MRI and TRUS differed slightly (69% for MRI and 43% for TRUS) \[[@ref78]\]. The disadvantage of TRUS is the fact that it is invasive and uncomfortable. Although MRI of the pelvis is an established modality, timely access and costs remain problematic. As both methods require expensive equipment and experienced investigators, perianal ultrasonography has been suggested as an alternative method with high sensitivity and specificity in perianal CD. In a recent study investigating 46 patients with perianal CD, using TRUS as gold standard, 53 fistula detected by TRUS were correctly classified by perianal ultrasound in 45 cases, reaching a sensitivity of 84.9%. Perianal ultrasound showed 10 perianal abscesses, which could all be confirmed by TRUS, and TRUS found no further abscesses \[[@ref79]\]. The sensitivity of perianal ultrasonography in perianal CD with or without contrast medium has also been shown by other investigators \[[@ref80]-[@ref83]\]. Perianal ultrasound therefore appears to be a simple and painless method for detecting and classifying perianal and rectovaginal fistulas or abscesses in real time in patients with perianal CD ([Fig. 4](#F4){ref-type="fig"}) \[[@ref79]\].

Ultrasonography in UC {#sec1-7}
=====================

The value of ultrasonography in the primary diagnosis and follow up of UC, compared to CD, has been much less evaluated. Part of the reason may be that, particularly during mild left-sided UC, the bowel wall is sometimes not thickened and the inflammation is only restricted to the mucosa. The most characteristic feature of inflammation in UC is thickening of the bowel wall, as mentioned earlier. In contrast to CD, the thickening of the bowel wall is mostly proportional and stratification of the bowel wall is usually preserved. While it is not surprising that thickening of the mucosa is a characteristic sign of inflammation, it is also useful to visualize thickening of the submucosa ([Fig. 2](#F2){ref-type="fig"}). Hyperechoic thickening of the submucosa reflects edema during active inflammation in UC. Although it is known from clinical practice that thickening of the bowel wall can be determined as an early sign of inflammation in UC that disappears after resolution of the intestinal inflammation, there is a surprising shortage of data in the literature describing the course of bowel wall thickness after treatment, and in particular the time course of improvement. The exact value of IUS in the follow up of patients with active UC is currently being investigated in a multicenter trial in Germany, including 50 different IBD centers.

Initial data suggest that Doppler ultrasonography of the superior and inferior mesenteric arteries could be used to evaluate disease activity in UC, as well as to determine the risk of relapse \[[@ref84]-[@ref86]\]. However, this technique has only been used in very few centers up to now and the results have not yet been confirmed by other investigators.

Other ultrasonographic features in IBD that are useful in CD, including the determination of vascularization and the evaluation of surrounding structures such as fibrofatty proliferation, seem to be less useful in UC. However, during severely active UC, extramural signs of inflammation, such as fibrofatty proliferation, ascites or even mesenteric streaks, might be determined in specific situations, even though UC is usually restricted to the mucosal site.

Concluding remarks {#sec1-8}
==================

During the last couple of years, IUS has become a useful and well defined method that is helpful in the management of IBD patients. The improved quality of ultrasound equipment, with better image quality and high-resolution probes for an acceptable budget, has expanded the use of IUS among gastroenterologists during recent years. IUS in IBD now has widely accepted indications and is part of national and European guidelines. Indications include the primary diagnosis of CD and UC, as well as the detection of extramural complications, detection and evaluation of stenotic strictures, and follow up of the disease course. Additional tools, such as CEUS, elastography or perianal ultrasound might be helpful in various clinical situations.
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